Abstract Global or regional mean evapotranspiration (ET), calculated as the difference between observed precipitation (P) and runoff (R), has been widely used as the standard method to investigate the long-term variability of ET and evaluate hydrological and climate models. The increasing number of reservoirs built in China has led to a considerable amount of water storage, which could significantly alter regional water budgets. This change in terrestrial water storage (ΔS) because of the newly built reservoirs reduces the observed R but does not directly translate into ET. The present study is the first to quantify this reservoir effect on the estimated ET at the national and basin scale from 1997 to 2014 in China. The results show that the reservoir total storage capacity in China increased by 0.38 × 10 12 m 3 from 1997 to 2014. If this change in ΔS is not considered, a significant increase in the calculated ET of 4.2% per decade is derived. However, after this change in ΔS is taken into account, the calculated trend of ET decreases to almost zero for the period 1997 to 2014, which is consistent with the negligible changes in the determining factors for ET, including precipitation, surface incident solar radiation, and air temperature. The impact of reservoirs and the determining factors of ET are further explored in six major river basins of China, which confirmed our conclusions at the national scale. This study indicates that the impact of ΔS due to reservoir construction on calculated ET trends must be considered.
Introduction
Evapotranspiration (ET) that couples the surface water, energy, and carbon cycles is one of the most important components in climate system and terrestrial water cycle [Huang et al., 2015; Sheffield et al., 2010; Trenberth, 2014; Wang and Dickinson, 2012] . Over the past few decades, numerous techniques including observation and modeling approaches have been proposed to estimate ET to detect its spatiotemporal characteristics, long-term trends, and interannual variability. The direct observation methods include eddy covariance system [Aubinet et al., 2012; Gebler et al., 2015; and Bowen ratio energy balance system [Oladoso et al., 2007; Webb, 1960] . However, such direct measurements are of short duration and limited spatial coverage [Baldocchi et al., 2001] , which limit their applicability in global or regional scales. The long-term variability of ET from regional to global scales is primarily based on those calculated from surface water balance method [Han et al., 2015; Huntington and Billmire, 2014; Palmroth et al., 2010; Piao et al., 2007; Wang et al., 2014] , which has been widely used to validate model simulation Xu and Singh, 2005] and remote sensing retrievals [Jung et al., 2010; Velpuri et al., 2013; Senay et al., 2011; Zhang et al., 2012] .
Generally, regional mean ET values can be calculated from the following terrestrial water budget equation:
where P is the precipitation, R is the runoff, and ΔS is the change in terrestrial water storage. ΔS is assumed to be zero in most applications because of lack of data, and the long-term variability of the global or regional ET must be calculated by P À R [Dai et al., 2009; Gedney et al., 2006; Piao et al., 2007; Zhang et al., 2013] . However, human activities, such as reservoir construction, have drastically altered regional water cycles [Chao et al., 2008; Haddeland et al., 2014; Mateo et al., 2014; Vörösmarty et al., 1997] .
The water storage in the newly constructed reservoirs does not directly translate into ET but has a significant impact on R and may impact the value of ET when calculated as P À R if the terrestrial water storage in equation (1) is ignored. Further, the long-term trends of ET are maybe altered.
However, this impact has not been well quantified when detecting long-term trends of ET in previous researches, particularly in China. Gao et al. [2007] found a decreasing trend in most area east of 100°E in China and an increasing trend in the west and north parts of northeast China from 1960 to 2002 using a water balance methodology. Ni et al. [2007] found a similar ET trend from 1951 to 2003 that ET increased in western China while significantly decreased in eastern China with Budyko hypothesis method. Based on an integration method of meteorological and hydrological methods, Niu [2005] discovered an increasing trend within the 10 year horizon from 1991 to 1995 and 2000, especially in arid and semiarid region in China. X. Li et al. [2014] also presented an increasing trend from 1982 to 2009 using a revised Remote Sensing-Penman Monteith (RS-PM) model, while Mo et al. [2015] obtained an increasing trend from the 1980s to the mid1990s, then followed by a decreasing trend until 2010 across China with a physical ET model. These studies have reported different long-term trends of ET for the same period over China, which may be explained by the increasing reservoir water storage in surface water budget.
Here we make the first quantitative assessment of the impact of reservoir construction on the calculated ET at national and basin scales over China since 1997 using national survey data, which will be of great importance for promoting accurate estimation of ET and may supply possible explanations for the debate on the longterm variability of regional and global ET.
Data
It is very difficult to obtain surface water storage data at a regional scale. Recently, GRACE satellite observations have provided an opportunity to collect terrestrial water storage data [Tapley et al., 2004] . However, such data are only available for 2002 and later and have a coarse resolution of several hundreds of kilometers.
In the present study, we used the data set recently released by the Ministry of Water Resources of the People's Republic of China [MWR P. R. C., 2013], which contains two data sets closely related to surface water storage: water impoundment in medium-sized and large reservoirs and the total storage capacity of all reservoirs. In China, medium-sized and large reservoirs are defined as reservoirs with a storage capacity greater than 10 × 10 6 m 3 . Data were unavailable on the water impoundment in small reservoirs, which account for approximately 96% of the reservoirs and 12% of the total reservoir storage capacity. Therefore, the actual water impoundment in the medium-sized and large reservoirs is the minimum surface water storage resulting from reservoir construction. The total storage capacity of all reservoirs is used as the maximum surface water storage resulting from reservoir construction.
The Water Resources Bulletin (available at http://www.mwr.gov.cn/zwzc/hygb/szygb/) provides annual mean precipitation (P) and runoff (R, including discharge from foreign countries, to foreign countries, and to the ocean) at both the national scale and the major basin scale. The annual R at national scale is summed from the annual streamflow observed at hydrological gauge stations located in borders or estuaries that have integrated all upstream hydrological processes and thus have considered the influence of river routing and human activities, such as water withdrawal from the river channels for irrigation, industrial and domestic water use, or reservoir water storage. The natural topography and channel characteristics after human disturbance could affect the river routing and may influence the observed R at gauge stations [Marengo et al., 1994] , but this effect is not discussed in this study because of data gap. Reservoir and water withdrawal effects are discussed in the latter parts.
These data sets of P and R have been widely used to study the interannual variability of R over China [Y. Li et al., 2014; Miao et al., 2012; Piao et al., 2010; Ren et al., 2014; Xu et al., 2010] . At the basin scale, Yang et al. [2004] employed the annual discharge data from the Water Resources Bulletin for the Yellow River to detect changes in the river's discharge, and Miao et al. [2010] explored the recent variations of R under global change scenarios in the Yellow River Basin utilizing the annual mean R data from the China Water Resources Bulletin.
The Ministry of Water Resources of the People's Republic of China has its own measurement network to observe P; these observations have been used to calculate the annual mean P over China and over individual river basins. Another independent data source of P is represented by the weather stations located throughout China. The gridded P at 0.5°× 0.5°b ased on the meteorological observations (available at http://cdc.cma. gov.cn) is used to evaluate the annual mean P over China from the Water Resources Bulletin. The gridded P based on weather station data was generated by a thin plate spline spatial interpolation method based on observations from 2472 weather stations in China; this method has been widely used to study the interannual variability of P [National Meteorological Information Center, 2012; Ren et al., 2015; Wang et al., 2013] and validate the P from satellite retrievals [Guo et al., 2016] and model simulations . Figure 1 shows that these two time series of the annual mean P over China are consistent and present a high correlation of 0.98, with a mean difference of 7.5 mm (1.2% in relative value), and root-mean-square error (RMSE) of 10.9 mm (1.7% in relative value). This consistency indicates that the annual P data sets are reliable and can be used to study the interannual variability of P over Figure 1 . Comparison between two independent precipitation (P) data sets over China. The black line is the annual mean P from the Water Resources Bulletin, which is based on hydrological stations of the Ministry of Water Resources in China. The red line is the annual mean P from weather stations of the China Meteorological Administration in China and regarded as benchmark observations. The two time series agreed very well, with a high correlation (0.98), a mean difference of 7.5 mm (1.2% in relative value), and root-mean-square error (RMSE) of 10.9 mm (1.7% in relative value).
Figure 2. Distribution of nine basins and related rivers in mainland China. Six major river basins-the Songliao River Basin, the Haihe River Basin, the Huanghe River Basin, the Huaihe River Basin, the Yangtze River Basin, and the Pearl River Basinwere investigated in this study. These six basins account for approximately 58% of China's total basin area and 55% of China's total runoff. In addition, the reservoirs in these six basins represent approximately 90% of China's reservoirs in number and 87% of the total storage capacity. The figure was created using ESRI ArcGIS software.
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China. We therefore report herein only results based on the P from the Ministry of Water Resources of the People's Republic of China.
China can be divided into nine river basins, six of which are large river basins: the Songliao River Basin, the Haihe River Basin, the Yellow River Basin, the Huaihe River Basin, the Yangtze River Basin, and the Pearl River Basin In addition to P, two other meteorological variables (i.e., surface incident solar radiation (R s ) and air temperature (T a )) are used to explore the main determining factors for ET at the national and basin scales. Direct observations of R s over China have been shown to have significant inhomogeneity issues [Wang, 2014; Wang et al., 2015] . Furthermore, the stations where R s has been routinely measured are very sparsely distributed. To study the variability of the R s at the national and basin scale, we use the R s value derived from the observed sunshine duration at 2479 weather stations. A detailed description of the method of estimating R s from sunshine duration and its validation can be found in Wang [2014] and Wang et al. [2015] . Studies have shown that sunshine duration-derived R s can accurately reflect the impact of aerosols and clouds on the R s [Tang et al., 2011; Wang et al., 2012b] and can be used to study the long-term variability of the R s [Magee et al., 2014; Sanchez-Lorenzo et al., 2008; Sanchez-Romero et al., 2014] . The sunshine duration and T a are obtained from the latest released meteorological data sets, i.e., China National Stations' Fundamental Elements Data sets V3.0, which is based on the long-term observations from 2479 weather stations throughout China [Cao et al., 2016; Ren, 2012] .
In this study, we used the linear regression method to examine the hydrological trends and a statistical hypothesis test, namely, Student's t confidence test, to determine whether the trend of the regression line differs significantly from zero. The significance levels p < 0.1 and p < 0.05 are considered the thresholds for determining the significance of the positive and negative trends. Trends at the significance level p > 0.1 are considered insignificant. What's more, for convenience of efficient comparison, the trends for all the hydrological time series are given in two forms, i.e., absolute value and relative value (%). Here relative value means the percentage of the mean annual value that the absolute value accounts for. 3. Results
Impacts of Water Storage Changes in Newly Built
Reservoirs on the Calculated ET at the National Scale Figure 3a shows that P over China has an insignificant near-zero trend of À0.55 mm yr À1 per decade (À0.09%
per decade, Student's t confidence test p = 0.97) from 1997 to 2014. However, the observed R shows an obvious decreasing trend of À18.44 mm yr À1 per decade (À7.57% per decade, p = 0.12). For comparison purposes, in this paper, the unit of R and P of m 3 yr À1 was converted to mm yr À1 (the unit of ET) by dividing by the territory of China (9.6 × 10 12 m 2 ). Assuming that the storage did not change (ΔS = 0), the calculated ET (ΔS = 0) from these P and R values (equation (1)) demonstrated a significant increasing trend of 16.44 mm yr À1 per decade (4.17% per decade, p = 0.04) from 1997 to 2014.
During the same period, 12,898 reservoirs were built, of which 1465 reservoirs had a capacity greater than 10 × 10 6 m 3 ; thus, they are considered medium-sized and large reservoirs (Figure 4 ). Surface water storage capacity due to reservoir construction should be taken into consideration when ET is calculated using the water budget method. The total reservoir storage capacity and water impoundment data for each year from 1997 to increased. To further reduce the impact of interannual variability in P on the ΔET time series, we used the ratio of ΔET/P as a diagnostic variable to represent the reservoir impact on ET over China. This ratio has been widely applied in many studies to explore hydroclimatic changes [Destouni et al., 2013; Jaramillo and Destouni, 2015; Levi et al., 2015] .
The above mentioned calculation was performed for each year in addition to 2014, and the time series of ΔET/P for ΔS = 0, ΔS = ΔSCA, and ΔS = ΔIML conditions was derived (Figure 5b) . Then, the impact of the reservoirs can be assessed by comparing the trends of different ΔET/P time series. At ΔS = 0, the calculated ΔET/P showed a significant increasing trend of 0.03 per decade (Figure 5b ). However, if ΔS = ΔSCA, then the trend in ΔET/P showed an insignificant negative trend of À0.01 per decade, and if ΔS = ΔIML, then the trend in ΔET/P showed an insignificant positive trend of 0.01 per decade. Because these two estimations of the effects of reservoir water impoundment provide the upper and lower limits of ΔET/P, the real impact should occur in between these values, i.e., near zero. 
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This near-zero trend of ΔET/P over China observed after considering that the reservoir water storage is consistent with the changes in the determining factors of ET [Douville et al., 2013; Jung et al., 2010; Lin et al., 2012; Miralles et al., 2014; Sheffield et al., 2012; Tang et al., 2011; Wang, 2014; Wang et al., 2012a] . The parameters R s and T a are the key determining environmental factors of ET under humid conditions [Lin et al., 2012; Liu et al., 2014] , whereas P is the key factor controlling the ET in arid regions. However, all these environmental factors are important under moderate conditions [Wang and Dickinson, 2012] . For the period 1997 to 2014, there was no obvious trend for R s (Figure 3b ) or T a ( Figure 3b) . P also showed an insignificant decreasing trend from 1997 to 2014 (Figure 3a) . All of these changes are consistent with the weaker and insignificant ET trend observed after reservoir water storage was taken into account.
Impacts of Water Storage Changes in Newly Built Reservoirs on the Calculated ET and Determining Factors of Long-Term ET Trends at the Basin Scale
Reservoirs in China are unevenly distributed, with most located in the eastern regions, such as the Yangtze River Basin, the Pearl River Basin, and the Songliao River Basin [Yang and Lu, 2013] . To better understand the impact of reservoirs on the water budget of each basin, we conducted a further basin-to-basin analysis 
Journal of Geophysical Research: Atmospheres
10.1002/2016JD025447
of the calculated ET for six major river basins in China for the period 1997 to 2014 (Figures 6-9 ). The results confirmed that the water storage change related to newly built reservoirs alters the calculated ET trends over China. In addition, the determining factors for the ET over each basin were also explored with three climatic constraints, P, R s , and T a , which interact to affect ET worldwide [Nemani et al., 2003 ]. The observed P and R time series for each basin are shown in Figure 6 . Using the same calculations we had performed for China, we obtained for each basin the time series of ΔET/P for the conditions ΔS = 0 and ΔS = ΔIML for each year from 1997 to 2014 (Figures 7 and 8) . Additionally, the trends and its p values by t test method for the above time series are also grouped into Table 1 for convenience of comparisons and understandings.
For the Yangtze River Basin from 1997 to 2014, the annual P indicates an insignificant decreasing trend of À3% per decade (p = 0.44) and the R also indicates an insignificant decreasing trend of À11% per decade (p = 0.13) ( Figure 6a and Table 1 ). At ΔS = 0, the calculated ΔET/P shows a significant increasing trend of 0.04 per decade (p = 0.05) (Figure 7d ). However, ΔIML has shown significant increases of 67.1 × 10 8 m 3 yr À1 (p = 0), and at ΔS = ΔIML (equation (1)), the trend in ΔET/P decreases to zero (p = 0.92). The Yangtze River Basin is located in a humid region, and the main influencing factors on ET are the R s and T a . Figure 9a shows that the R s displays an insignificant decreasing trend of À0.1% per decade (p = 0.95), which requires a negative trend of ET for the study period. At same time, the T a displays an insignificant increasing trend of 1% per decade (p = 0.42). The combination of decreasing R s and increasing T a cancels the impact of these factors on ET in the Yangtze River Basin. Therefore, the calculated long-term ET trend after considering reservoir water storage in the Yangtze River Basin is consistent with the trends in its determining factors.
Previous studies have reported a near-zero trend of ET in different study periods Tang et al., 2011] . Furthermore, the actual ET of the Yangtze River Basin, which is located in a humid region, approaches the potential ET [Cong et al., 2010] . Studies have explored the trends of the potential ET from 1960 to 2000 Y. Wang et al., 2007; Xu et al., 2006] , and the results showed that the potential ET exhibits significant decreasing trends because of decreases in the net solar radiation and wind speed. In this study, the results for 1997 to 2014 extend the long-term ET time series, and the transition from decreasing to stable trends of ET in the Yangtze River Basin in the 1990s is consistent with the solar radiation transition from dimming to stable [Tang et al., 2011] .
For the Pearl River Basin from 1997 to 2013, the annual P indicates an insignificant decreasing trend of À11% per decade (p = 0.14) and the annual R also indicates an insignificant decreasing trend of À10% per decade (p = 0.27) ( Figure 6b and Table 1 ). At ΔS = 0, the calculated ΔET/P shows an insignificant decreasing trend of À0.01 per decade (p = 0.64); however, the ΔIML in the Pearl River Basin indicates an obvious increasing trend of 22.8 × 10 8 m 3 yr À1 (p = 0). At ΔS = ΔIML, the trend in ΔET/P changes to a significant decreasing trend of À0.04 per decade (p = 0.02). The Pearl River Basin can be considered an "energy-limited" system , which means that the R s and T a will have a vital impact on ET. However, Figure 9b shows that the R s indicates a nonobvious increasing trend of 1% per decade (p = 0.59) and the T a indicates a near-zero trend of À0.09°C per decade (p = 0) (0% per decade) in the studied period. The increased R s requires an increase of ET; however, the ET values calculated based on the above two assumptions show consistently decreasing trends. The reason for this discrepancy requires further investigation.
For the Yellow River Basin from 1997 to 2013, the annual P indicates an apparent increasing trend of 13% per decade (p = 0.02), whereas the annual R indicates a considerable increasing trend of 85% per decade (p = 0) ( Figure 6c and Table 1 ). The calculated ΔET/P at ΔS = 0 and ΔS = ΔIML exhibit significant decreasing trends of À0.03 per decade (p = 0) and À0.07 per decade (p = 0), respectively ( Figure 7f and Table 1 ). A further analysis of two other key variables, R s and T a , show that the R s displays a significant decreasing trend of À2% per decade (p = 0.01) and the T a displays a trend close to zero at À0.02°C per decade (p = 0.89) (0% per decade), respectively. The decreased R s and T a require a decrease in ET, which explains the decreasing trend of ΔET/P. Therefore, after the impact of the constructed reservoirs is taken into account, the calculated ET trend is more consistent with the changes in its determining factors, i.e., R s , P, and T a . Additionally, the variables ΔIML and water withdrawal display significant increasing trends (Figure 7c ), which may contribute to the obvious decrease of ET.
For the Songliao River Basin from 1997 to 2014, the annual P indicates an insignificant increasing trend of 11% per decade (p = 0.11), whereas the annual R indicates a significant decreasing trend of À48% per decade (p = 0.01) ( Figure 6d and Table 1 ). The calculated ΔET/P at ΔS = 0 and ΔS = ΔIML exhibits significant increasing trends of 0.04 per decade (p = 0) and 0.02 per decade (p = 0) ( Figure 8d and Table 1 ), respectively. Although the increasing P accounts for the positive trends of the ET calculated under the two assumptions, the decreasing R s and T a require a decrease in ET ( Figure 9d and Table 1 ). Because of these compensating determining factors, the smaller increasing trend of ET under the assumption of ΔS = ΔIML is more consistent with its determining factors and more reliable. Figure 8a also shows that both the reservoir water storage and water withdrawals by agricultural and industrial use are important in the Songliao River Basin.
For the Huaihe River Basin from 1997 to 2014, both annual P and R exhibit indistinctive trends of À4% per decade (p = 0.63) and 4% per decade (p = 0.86), respectively ( Figure 6e and Table 1 ). The calculated ΔET/P at ΔS = 0 and ΔS = ΔIML does not indicate an obvious change, and both ΔS = 0 and ΔS = ΔIML display an insignificant decreasing trend of À0.02 per decade with similar statistical significance (Figure 8e ), which indicates that the reservoir water storage (Figure 8b ) has a negligible effect on the calculated ET during this period. The decreasing trends of the calculated ET are consistent with the decreasing trends of P, R s , and T a in the Huaihe River Basin (Figure 9e ).
For the Haihe River Basin from 1997 to 2009, both the annual P and R exhibit insignificant increasing trends of 14% per decade (p = 0.2) and 66% per decade (p = 0.32), respectively ( Figure 6f and Table 1 ). The calculated ΔET/P at ΔS = 0 indicates an insignificant decreasing trend and at ΔS = ΔIML shows a zero trend (Figure 8f ). Figure 9f indicates that both the R s and T a show decreasing trends. Additionally, compared with the significant increase of the ΔIML in the other five basins, in the Haihe River Basin, the ΔIML indicates a significant decreasing trend of À1.0 × 10 8 m 3 yr
À1
(p = 0), which is consistent with the trend of water withdrawal (Figure 8c ), and these changes might be the result of large-scale hydraulic engineering, such as the South-to-North Water Transfer Project [Pei et al., 2004] . The decrease of ΔIML will result in an increase of ET. The balance between the above three factors might contribute to the stable trends of ΔET/P. Therefore, if the impact of the reservoir water storage change in the Haihe River Basin is not considered, the ET trend will be incorrectly estimated.
Figures 7 and 8 indicate that the IML of the Yangtze River Basin, the Pearl River Basin, the Songliao River Basin, and the Yellow River Basin showed more rapid increasing trends relative to the amount of water withdrawal since 1997. The amplitude of the water withdrawal amount is higher than the IML in the Huaihe and Haihe River Basins. In general, the agricultural water withdrawal (i.e., the irrigation water) from the rivers was not the major reason for the observed reduction in R from 1997 to 2012 over China (Figure 3a) . This result is supported by the observed shallow groundwater storage change from 1997 to 2014 for the 17 provinces in the north plain regions of China (Figure 10a) , where groundwater has been pumped out for irrigation Liu et al., 2001; Wada et al., 2012] . Figure 10a shows that the shallow groundwater change exhibits no obvious change from 1997 to 2014. Previous studies based on GRACE satellite data reported that the shallow groundwater level decreased from 2003 to 2010 in North China, including the levels in the Yellow River Basin and Haihe River Basin [Feng et al., 2013] . This decreasing groundwater level is consistent with the decreasing P trend from 2003 to 2010 shown in Figures 6c and 6f . However, for our study period, 1997 to 2014, the P in Journal of Geophysical Research: Atmospheres 10.1002/2016JD025447 these two basins displays an increasing trend. Therefore, we regard as reliable the report of negligible changes in the shallow groundwater.
In summary, for four large river basins in China (the Yangtze River Basin, the Huanghe River Basin, the Songliao River Basin, and the Haihe River Basin), the water storage change caused by newly built reservoirs has had a significant impact on the calculated ET trends, and the calculated long-term ET trends are more consistent with the trends of their determining factors when the reservoir water storage capacity is considered. This result confirms the results observed at the national scale. In the Pearl River Basin, after the reservoir impact is taken into account, the calculated ET trend exhibits a discrepancy with its determining factor R s , which requires further study, and in the Huaihe River Basin, reservoirs have a negligible impact on the calculated ET trend.
Conclusions and Discussion
This study provides the first quantitative assessment of the impact of reservoirs on ET at the national and basin scale in China in recent decades. At the national scale, the calculated ET trend, after reservoir water storage from 1997 to 2014 was considered, was more consistent with its determining factors, including precipitation, surface incident solar radiation (R s ), and mean air temperature (T a ). Further analyses at the basin scale show that the same conclusions are also obtained for four large river basins in China: the Yangtze River Basin, the Huanghe River Basin, the Songliao River Basin, and the Haihe River Basin. However, the effect of reservoirs in the Pearl River Basin is uncertain and in the Huaihe River Basin is negligible. This study shows that water storage in reservoirs built from 1997 to 2014 significantly altered the calculated ET trends over China and emphasize that the water impoundment of reservoirs should be considered when estimating the long-term and large-scale variations of ET and attributing the variation tendencies of ET.
Continental freshwater discharge (and hence ET) has been assumed to be immune to inhomogeneities at annual and decadal time scales [Osborne and Lambert, 2014] . However, our results indicate that this assumption is questionable, particularly for recent decades because of the large number of reservoirs that have been built around the world [Vörösmarty et al., 1997] . Previous findings have detected long-term change in continental-scale R (which affects ET = P À R) and attributed the changes to the physiological forcing of carbon dioxide [Betts et al., 2007; Field et al., 1995; Gedney et al., 2006; Leipprand and Gerten, 2006] , changes in water and land use [Piao et al., 2007] , limitations of soil moisture [Jung et al., 2010] , and effects of solar radiation [Douville et al., 2013; Roderick and Farquhar, 2002; Teuling et al., 2009] . Our results indicate that water storage change in the newly built reservoirs may supply possible explanations for the above debate on the longterm variability of regional and global ET.
However, we do not rule out the impact of other factors, such as water withdrawal, lake shrinkage/expansion, and glacier melt changes, which may be dominant factors for individual river basins. As shown in Figures 7 and  8 , the amount of water withdrawn for agricultural and industrial uses in the Yellow River Basin, the Songliao River Basin, and the Huaihe River Basin has an important impact on the regional water budget. Additionally, some studies have reported that China's lakes have undergone dramatic changes that may have led to significant changes in the regional water budget [Ma et al., 2010; Zhou et al., 2015] . For example, the disappearance of lakes in the northern provinces might have an important impact on the regional ET by influencing ΔS and R.
The role of melting glaciers for the rivers flowing off the Himalayas has also received much attention recently [Bolch et al., 2012; Cogley, 2011; Qin et al., 2006] , which constitutes an important part of the river flow in some river basins such as Yangtze River Basin and mainly translate into R. It should be noted that the observed R in gauge stations have included the impact from glacier melting particularly for melting seasons. The melting glaciers increase river flow, which leads to an increase of surface R in China and a decrease of the calculated ET. It means that the missing of this part of R coming from glacier melting in the above equation (1) may underestimate actual ET value.
The newly built reservoirs increased the open-water surface area. In general, open water can evaporate at a higher rate compared with water from original natural surfaces, such as bare soil, croplands, grasslands, and forests, on an annual time scale. Water in the newly built reservoirs can be used to irrigate nearby cropland and can also recharge groundwater by infiltration. In addition, reservoirs utilize water from major rivers and might leave less water for natural lakes. The possible changes to the regional water budget caused by these effects may be important and warrant further study with new methods and techniques. It has been reported that on the Tibetan Plateau, the lake water storage capacity increased between early 1997 and 2014, a change that is attributed mainly to glacial melt water due to climate change and that might have led to increased ET [Song et al., 2013] .
